The mass distribution of fission fragments of actinide and superheavy nuclei can be explained if a new state of nuclear matter, a nucleon phase, is created in any fission event. PACS numbers: 25.85.-w; 25.70.Jj; 21.60 Gx.
Introduction.
If a nuclear fission can be used for making nuclear explosives, it may be asked whether the nuclear fission process is not already, per se, a kind of explosion.
It has been recently shown [1] that the rearrangement of fissioning systems such as 233 U + n th , 235 U + n th , 239 Pu + n th and 252 Cf (s.f.) into two nascent light and heavy fragments occurs within 0.17 yoctosecond.
We show, in Sect.2, that extreme conditions of energy and temperature are created in this rearrangement. We suggest, in Sect. 3 , that the proton phase and the neutron phase, which coexist in nuclear matter, could then be changed into a unique phase, a "nucleon phase", in which any distinction between proton and neutron has been abolished, but in which "nucleons" form closed shells of 82 and 126 nucleons.
We further show that this hypothesis explains the mass distributions of asymmetric fission (Sect.4), and even those of symmetric fission (Sect.5).
The extreme conditions of nuclear fission.
During the extremely short time of 0.17 yoctosecond of the rearrangement process, a considerable amount of energy becomes available in the fissioning system. The energy-time uncertainty relation allows its determination: ∆E = h/ ∆t = 6.582118 10 -16 eV s/ 1.70 10 -25 s = 3.86 GeV,
This energy is considerably greater than the energy of the most energy-rich fragment pair of the 235 U + n th -system, which is equal to only 205.88 MeV [2] .
This energy is related, by the Boltzmann constant k = 8. And such estimation is useful to measure the temperature of nuclear explosions.
It may be asked whether, under so extreme conditions, a new state of nuclear matter could not be created. The answer could be found in Terrell's work on prompt neutron emission.
The nucleon-phase hypothesis

3-1 Terrell's work on prompt neutron emission
H.H. Knitter et al. [3] report that "the first meaningful systematization of neutron consequently, the mean value of the neutron yield could be given by their sum = 0.08 ( A L -82) + 0.10 (A H -126).
It is the famous equation of Terrell, which remained unexplained up to now.
Moreover, Terrell reported the important observation that asymmetric fission seems to be characterized by the relations:
He wrote: "these limits seem to define quite accurately the regions of appreciable yield for asymmetric fission. They also seem to be the points at which neutron yield nearly vanishes".
As for the use of 126 instead of 128 in eq. (3), he wrote: "the mass number 126 is used here instead of 128 because it gives a better linear representation".
These words suggest that magic mass numbers 82 and 126 might exist, and play a role in the emission of prompt neutrons and in the limits of the regions of appreciable mass yield of fission fragments.
Only a sophisticated critical analysis of the experimental data on prompt neutron emission and the constant recourse to the mathematical methods of statistics could lead Terrell to so important conclusions, e.g. that there is no neutron emission at symmetry. Let us recall that he had determined, in 1957 [5] , the value σ = 1.08 of the parameter of the Gaussian curve representing the probability P() of emitting  neutrons per fission --at that time believed to be the standard deviation characterizing "the fragment excitation energy " [1]---.
3-2 The new hypothesis
At 
since an A = 82 nucleon core has been formed around the cluster in the nascent light fragment . Similarly
One sees that the width ∆A of the region of appreciable yield, for the light fragment and for the heavy fragment, is equal to A cl :
This rule, demonstrated in ref. [9] , holds for all actinide nuclei up to 252 Cf. The nucleon phase decides on the width of the region of appreciable yield of the fragments; this width is equal, in mass units, to the mass number A cl of the primordial cluster, here 28 Ne. Note that no correction has been made for the emission of prompt neutrons: the yields, taken from Flynn and Glendenin [10] also are those of the fission products. The decrease of the yield in the vicinity of the limits demonstrates that asymmetric fission is "confined" by the Coulomb barrier of the fragment pairs.
It is noteworthy that the mass distributions of 233 U + n th , 235 U + n th and exactly what is expected in a nucleon phase, if closure of shells at magic numbers is a universal organization law of nuclear matter, which holds as well in a "nucleon" phase, for magic mass numbers, as it holds in the usual "proton" and "neutron" phase, for magic Z and N numbers. 
4-2 The new expression of the law of Flynn et al.
The linear law of variation of the mean mass of the light fission product as a function of the mass A F of the fissioning system, first formulated by Flynn et al. [11] , and later considered to be valid up to mendelevium nuclei [12] , was interpreted by Mouze and
Ythier [13] And it could be shown that the mean number of nucleons transferred in the synthesis of the light fission product is of the order of 66.7 [14] for 235 U + n th .
According to the nucleon-phase hypothesis, the mean value of the light fragment mass, , can now be written:
whereas the mean value of the heavy fragment mass, , remains constant and equal to = ~ 140.
Indeed, the mean mass of the heavy fission product has been found constant (see, e.g., [15] ); for fissions induced by thermal neutrons or by reactor neutrons, this mass is equal to ~ 138 u [10] . In absence of excitation of the nucleus, the mean number of emitted prompt neutrons is = = 2.3 for 240 Pu, and = 2.0 for 238 U(s.f.) [16] .Thus the mean mass of the heavy fragment is almost constant and equal to about 140 u for the light actinide nuclei. This justifie eq. (14) .
Consequently, it may be considered that about 140 -126 = 14 nucleons remain, on an average, on the A = 126 nucleon core of the nascent heavy fragment. Since the total number of transferrable valence nucleons is equal to 82, it means that only 82 -14 = 68 nucleons are, on an average, transferred to the primordial cluster. This justifies eq.(13).
In fig.2 , the variation of as a function of A F, or of A cl , is represented by a straight line parallel to the variation of A cl .
After a necessary correction for the prompt neutron emission, it could be seen from fig.1 fig.1 .
4-3 Nucleon phase and chemical thermodynamics
Equations (13) and (14) 
At first sight, this situation is similar to that encountered in the study of the distribution of one and the same body between two unmiscible solvents. For such a distribution, Nernst found in 1891 the following law at equilibrium:
There, the variation dμ 1 and d μ 2 of the chemical potential of the body in the two solvents must be equal
and this justifies eq.(16).
This observation suggests that the sharing out of the nucleons between core and cluster could be described in the framework of chemical thermodynamics.
4-4. The 252
Cf case. But the surprising property of 252 Cf is not this slight shift of the regions of appreciable yield towards greater A-values, it is rather that their width is still equal to A cl = 44, whereas addition of only a few nucleons will put an end to the asymmetric fission mode, as will now be shown.
In conclusion of this Sect.4, it may be asserted that the nucleon phase hypothesis explains asymmetric fission, since it explains the asymmetric mass distributions down to the last detail.
The two origins of symmetric fission
5-1 The limits of the mass yield curves
As soon as an A = 126 nucleon core can exist in a nucleus heavier than 252 Cf, a new situation is created and eq. (9) is replaced by 
and coincides with symmetry ( A* = 258/2 = 129). We may conclude: Their common width of appreciable yield is now given by
and eq. (12) is no more valid. 
5-2 The phenomenon of barrier -free fission
The expected fragment pairs of This situation has important consequences. 
This relation furnishes a useful, but approximate, estimation of the systematic broadening, caused by the uncertainty in mass of the fragments, of any symmetric fission.
Thirdly, due to the absence of any Coulomb barrier at symmetry, there is no more reduction of yield in the vicinity of the theoretical limits of the region of appreciable yield of symmetric fission: the full-width-at-half-maximum is really that given by eq. (24).
This situation is radically different from that encountered in asymmetric fission, e.g. in fig.1 . The reason is that asymmetric fission is a completely confined process. There, no fragment pair has a Q-value greater than its own Coulomb barrier [6] ; moreover, the difference B c -Q increases in going towards the limits, and causes a smaller tunnel-effect, as shown in fig.1 .
But the most important consequence of the existence of barrier-free fission is that the bimodality property of symmetric fission can now be explained.
5-3 The origin of the bimodality of symmetric fission.
Let us recall that Hulet et al. [20] called "bimodal" the symmetric mode of fission of 258 Fm, because they had found that its energy spectrum can be decomposed into two parts; more precisely, they attempted to analyze the total kinetic energy distribution by a Gaussian fitting and found that the mean energy of the low-energy component is equal to about 200 MeV -what is close to the value expected from the Viola systematics [21] -, whereas the mean energy of the higher component is considerably larger, namely about 233 MeV [20] . This analysis also revealed that the main contribution to the mass yield at symmetry comes from the high-energy events, whereas the low-energy events contribute to the broad pedestal of the mass distribution.
The absence of any Coulomb barrier for emission of the most energy-rich fragments explains that their energy can be as great as the maximum energy
released by the fission reaction. Indeed, the energy spectrum of Hulet et al. extends up to ~ 260 MeV.
But, due to the uncertainty in mass [1] , a large number of mass splits contribute to the peak at symmetry in the Pb-78 Zn. But at higher excitation energies, other peaks can be observed. All these structure are, more commonly, called "quasi-fission" structures [26] .
The occurrence of cluster-fission structures such as those observed at A = 208 and A = A F -208 in the mass distributions of very heavy nuclei may be considered as a further argument in favor of the ignition step of the fission process.
In conclusion of this Sect.5, it may be asserted that the nucleon-phase hypothesis explains symmetric fission, since it predicts the limits of the region of appreciable yield of the symmetric mass distributions.
But the phenomenon of barrier-free fission explains a number of facts, such as the "bimodality" of symmetric fission, the variation of the profile of the mass distributions in going from 258 Fm to 306 (122)*, and the considerable yield even at the limits of the distribution.
Conclusion.
The nucleon-phase hypothesis furnishes a coherent interpretation of a great number of experimental facts, which were unexplained up to now. Above all, it explains both the asymmetric and symmetric mass distributions encountered in fission.
Much work remains to be done in order to understand the true nature of this nucleon phase. It constitutes an ephemeral new state of nuclear matter, which should show itself in other processes than that of binary nuclear fission.
